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Abstract 
In this paper, using factor analysis and SPSS17.0 software, the author selected 21 original indicators to 
comprehensively evaluate the technology innovation capability of Bohai Rim region. The results indicate that there 
are many provinces and cities in Bohai Rim region. So, in order to enhance the technology innovation capability of 
Bohai Rim region, we should increase the R&D input, improve the effectiveness of technology innovation, and 
promote technology transfer and diffusion, coordinated development of regional economy.  
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 Introduction 
Regional technology innovation ability has become an important signal to measure whether the 
regional economy has been a decisive factor in the international competitive advantage. 
Many scholars measure and assess technology innovation ability from the micro perspective in the 
study of technology innovation ability 
Wang Haishan, Yuan Deyu, Cao Congyan and Wang Huaixue, Yang Hongjin, Zheng Chundong, and 
many other scholars [1][2][3][4][5]design the target system theory for the technological innovative 
capabilities. Sun Ximing[6] based on process comprehensively evaluate the technology innovation 
capabilities of enterprises. Based on econometrics method, Zhu Limin[7] established the enterprises 
appraisal system of technology innovation capabilities. Cha Zhimin[8] carried out empirical analysis about 
our industrial technology innovation capabilities.  
In terms of the technology innovative capabilities, Yin Yin, Liang Liang[9], from the University of 
science and technology of china, studied short evaluation of regional technology innovation ability. Hu 
Angang, Xiong Yizhi[10] studied differences from the perspective of the intellectual development Zhang 
Jingqiang[11] studied the regional technical transfer and industries gradient devolve problem.  
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Bohai Rim region is also called the Huan Bohai economic area, including five provinces and two cities
 Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, and Shandong , together with Zhu Sanjiao 
and Chang Sanjiao ,is one of the most important economic areas in China. By 2008, the population of the 
country in Bohai Rim region is 22.4%, and Bohai Rim region create a country's 28.2% of GDP and 25.2% 
of export. Its economic development has important effect on our economic growth. This paper studies the 
differences of technology innovation capabilities in Bohai Rim region, and discusses the factors which 
enhance economic growth, and enhance the input of science and technology in order to pursue economic 
rapid development. 
Seleton of evaluation indexes 
In this paper, the authors do some statistical analysis of the technology innovation capability of Bohai 
Rim region through selecting 21 indicator variables from five aspects: the input of technology innovation, 
the economic reward, the scientific output of technology innovation, the sustainable development of 
technology innovation, and the economic evaluation.  
The selected indicators are as follows: 
 : Personnel engaged in S&T activities(person); 
 2x : Full-time equivalent of R&D personnel (man-year); 
 3x : Scientists and engineers of S&T personnel (person); 
 4x : Investment funds on S&T activities (ten thousand yuan); 
 5x : Foreign Direct Investment (Dollar); 
 6x : Expenditure of technology fund; 
 7x : Expenditure on R&D (ten thousand yuan); 
 8x : Patent applications examined (unit); 
 9x : Patent applications certified (unit); 
 10x : The amount of S&T technological papers published; 
 11x : Overall labor productivity; 
 12x : Regional exports (Dollar); 
 13x : GDP share of high-tech product; 
 14x : High-tech product exports (Dollar); 
 15x : Per capita GDP (yuan); 
 16x : Investment in education funding (yuan); 
 17x : Full-time teachers in colleges and universities (person); 
 18x : The volume of transactions of technology market contract; 
 19x : Product-added output of high-tech industry (yuan); 
 20x : New product sales revenue of Enterprises (yuan); 
 21x : Expenditure for science and technology (yuan). 
For the input of technology innovation, we select indicator variables marked 1x , 2x , 3x , 4x , 5x , 6x , 7x ,
21x ..For the economic reward, we select 13x , 14x , 18x , 19x , 20x . For the scientific output of technology 
innovation, we select 8x , 9x , 10x . For the sustainable development of technology innovation, we select 16x ,
17x . For the economic evaluation, we select 11x , 12x , 15x . 
Analysis model 
1x
296   Huang Zilang et al. /  Physics Procedia  33 ( 2012 )  294 – 300 
 
 
Suppose there are n original variables, marked as 1x , 2x , , nx , and they have been standardized, 
according to the factor analysis, and suppose the variables can be expressed as a linear combination of 
factors marked as 1f , 2f , , kf ,that is  
ikikiii FaFaFaX 2211                            (1) 
Among them, nxxxX ,,, 21 is a observable N-dimensional variable, and each of its components 
represents an indicator variable. ),,,( 21 kfffF is a factor vector, and each of its components represents 
a factor. As they appear in each original variable linear expression, they are also called as common factor.
A is called the factor load. 
At the same time, the factor model should meet the following relationship : 
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Empirical calculation 
Before factor analysis, we first test the correlation of the indicators. Using SPSS17.0 software, then we 
get the correlation coefficients among the evaluation indexes. According to the correlation coefficients, we 
learn that the correlation coefficients among 21 indicators are relatively large. Besides, except the 
correlation coefficients between 11x and few indicators is lower than 0.3, the rest are all more than 0.3. All 
indicates that it is more suitable for factor analysis. 
In addition, we can check out if it’s suitable for factor analysis through KMO test and Bartlett’s Test of 
Sphericity. As shown in TABLE I, the score of KMO test is 0.768. Generally, we think it’s suitable for 
factor analysis when the score is more than 0.7. 
Table 1 Kmo And Bartlett Scores 
KMO Measure 
value 
  
0.768 
Bartlett’s Test of 
Sphericity 
2x Value 
Significance  
probability(Sig) 
1635.511 
 
0.000 
Table 2 Total Variance Explained 
Comp
onent 
Initial Eigen values 
Extraction Sums of Squared 
Loadings 
Total 
% of 
Variance 
Cumulati
ve% Total 
% of 
Variance Cumulative%
x1 14.436 68.745 68.745 10.225 48.688 48.688 
x2 3.890 18.524 87.269 6.084 28.973 77.661 
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x3 2.268 10.799 98.068 4.285 20.406 98.068 
 
As can be seen from TABLE II, the characteristic root of the first principal component is 14.436, the 
variance contribution rate is 68.745%; the characteristic root of the second principal component is 3.890, 
the variance contribution rate is 18.524%; the characteristic root of the third principal component is 2.268, 
the variance contribution rate is 10.799%.The cumulative variance contribution rate of these principal 
components is 98.068%. 
According to the conditions for extracting factors----the characteristic value being more than 1, we 
select the three main factors. Thus, these three principal component factors will explain the variation of 21 
original variables, that is, using these three principal components to analyze the problem only lost 1.932% 
of the information, which has considerably reduced the complexity of the original data. 
Table 3 Rotated Component Matrix 
index Component index Component 
1 2 3 1 2 3 
x1 .837 .538 .028 x12 .385 .888 .248 
x2 .909 .392 .135 x13 .403 .021 .901 
x3 .889 .451 .073 x14 .383 .346 .848 
x4 .881 .393 .240 x15 .621 .041 .775 
x5 .120 .903 .047 x16 .378 .792 -.445 
x6 .847 .491 .180 x17 .431 .804 -.364 
x7 .888 .413 .195 x18 .948 -.107 .297 
x8 .893 .298 .336 x19 .260 .861 .415 
x9 .929 .123 .347 x20 .209 .943 .215 
x10 .951 .217 .200 x21 .926 .282 .210 
x11 .096 .009 .992     
 
As can be seen from TABLE III, the loading values of the common factor 1F  on the indexes, including
1x , 2x , 3x , 4x  , 6x , 7x , 8x , 9x , 10x , 18x , 21x , these factors are main output indicators of science and 
technology level, therefore the first common factor is called as district science and technology level factor. 
The loading values of the common factor 2F on the indexes, including 5x , 12x , 16x , 17x , 19x , 20x , these 
factors are main output indicators of economic efficiency and potential. So the second common factor is 
called as economic district efficiency and potential factor. 
The loading values of the common factor 3F  on the indexes, including 11x , 13x , 14x , 15x , these factors 
are main output indicators of technique efficiency. So the third common factor is called as district 
technique efficiency factor. 
Through calculation, we got component scores coefficient matrix, as shown in TABLE IV. 
Table 4 Component Score Coefficient Matrix 
 
index 
Component  
index 
Component 
1 2 3 1 2 3 
x1 .089 .031 -.069 x12 -.070 .190 .062 
x2 .110 -.013 -.048 x13 -.026 -.019 .235 
x3 .106 .003 -.063 x14 -.067 .067 .231 
x4 .093 -.006 -.013 x15 .028 -.047 .172 
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x5 -.101 .222 .030 x16 .019 .144 -.155 
x6 .080 .022 -.024 x17 .019 .142 -.136 
x7 .097 -.003 -.027 x18 .166 -.144 -.018 
x8 .097 -.029 .013 x19 -.110 .205 .127 
x9 .126 -.079 .007 x20 -.108 .226 .073 
x10 .134 -.063 -.038 x21 .120 -.042 -.030 
x11 -.094 .021 .297     
 
According to the factor score coefficient matrix, we can obtain the main components expressions of 
linear combination about the various indicator variables, namely: 
21211 120.0110.0089.0 zxzxzxF                  (2) 
21212 042.0013.0031.0 zxzxzxF           (3) 
21213 030.0048.0069.0 zxzxzxF             (4) 
Among them, izx  is the indicator data which have been standardized. 
We take the information contribution rate of rotating factors as weights to calculate the overall 
evaluation scores of various regional technology innovation capabilities, that is:  
321 F0.20406F0.28973F48688.0F          (5) 
 Based on the style, we can calculate the technology innovation capability factor scores of Bohai Rim 
region and sort the situation, as shown in TABLE V.  
Table 5 Component Score Coefficient Matrix 
Regi
on 1
F  Rank 2F  Rank 3F  Rank F  Rank
Beiji
ng 2.16 1 -0.4 5 0.57 2 1.07 1 
Tian
jin -0.9 7 0.10 3 2.01 1 0.01 3 
Heb
ei -0.2 4 -0.3 4 -0.9 7 -0.4 5 
Shan
dong -0.03 2 2.04 1 -0.4 5 0.49 2 
Shan
xi -0.32 5 -0.74 6 -0.7 6 -0.51 6 
Nei
men
ggu 
-0.63 6 -0.99 7 -0.17 3 -0.63 7 
Liao
ning -0.09 3 0.27 2 -0.4 4 -0.05 4 
 
From the total order of the factor scores, the factor scores of Beijing and Shandong are the first two in 
Bohai Rim region. In Tianjin and Liaoning, their technology innovation capability is the middle level in 
Bohai Rim region. The factor scores of Hebei, Shanxi and Neimenggu are the lowest. 
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From the order of the first factor scores, Beijing’s factor score is in the first, the factor scores of 
Shandong, Liaoning, Hebei are the second, third, fourth, the science and technology innovation input level 
in Shanxi, Neimenggu and Tianjin are the lowest.  
From the order of the second factor scores, the factor score in Shandong Province is highest, the factor 
scores of Liaoning, Tianjin and Hebei Province are the second, third, fourth, the economic efficiency and 
potential innovation input level in Beijing, Shanxi and Neimenggu are the lowest. 
From the order of the third factor scores, the factor score in Tianjin Province is highest, the factor 
scores of Beijing, Neimenggu and Liaoning Province are the second, third, fourth, the technical efficiency 
innovation input level in Shandong, Shanxi and Hebei are the lowest. 
Calculated from the expression we can see, 1F  contributes to F  most, and 2F  contributes to F
secondly. The valuation of 1F , 2F , 3F  differs from provinces to provinces, thus the provinces which more 
value the first two factors obtain higher comprehensive technology innovation ability, otherwise lower 
comprehensive technology innovation ability. 
Conclusion 
Currently, Beijing, Shandong, and Liaoning provinces are of top-ranking about the comprehensive 
technology innovation ability. Analyzing the calculation results, we find that district science and 
technology level factor contribute most. It meets the fact that these provinces are advanced in education 
and scientific technology. Besides, Beijing gains more resource from the government for its geographical 
advantage, and become the largest technology market of China. 
In terms of economic efficiency and the potential, Shandong, Liaoning, Tianjin are of top-ranking, 
mainly due to the coastal geography and export convenience, so high-tech industries bring more benefits 
obviously, and they can attract more foreign investment. High level of education in Shandong and 
Liaoning provinces provide favorable conditions for sustainable economic development, therefore 
Shandong and Liaoning provinces have higher economic potential. Technology level in Shanxi and 
Neimenggu is weak, due to the weak infrastructure links, so the potential economic benefits, compared 
with the Shandong, Liaoning, Tianjin, were significantly different. In order to improve Shanxi, 
Neimenggu’s technology innovation and reduce the economic gap between the Bohai Rim Region, we 
must strengthen the management system and incentive system innovation; improve the regional technical 
support system. At the same time promote the upgrading of industrial structure, and improve the regional 
technological innovation. 
The rank of technique efficiency factor in some extent expresses how the provinces take advantage of 
the input of science and technology. Tianjin and Beijing are of top-ranking, and their scores are positive 
value. Inner Mongolia ranks third, and its factor score is negative value. It shows that the technology and 
economic efficiency in these three areas is preferable. According to the calculation results, the export of 
Tianjin and Beijing areas benefit from the contribution of new products and high-tech products while 
Inner Mongolia benefits from the contribution of labor productivity and per capita GDP. So Beijing, 
Tianjin should maintain and strengthen the technology innovation capability, to ensure the output of 
technology. In addition, though the technology innovation in Inner Mongolia is relatively backward, the 
product do great help in increasing the living quality of local people. Inner Mongolia should pay more 
attention to improving the efficiency of the technology output in development process. 
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